The Object-Spatial Imagery Questionnaire (OSIQ) is a measure of individual differences in visual imagery preferences. In the present study, we attempted to develop a Japanese version of the OSIQ (J-OSIQ). On the basis of principal components analysis, we obtained two factors in the questionnaire. An object imagery scale (15 items) assesses preferences for representing colorful, pictorial, high-resolution images of individual objects or scenes. A spatial imagery scale (15 items) assesses preferences for representing schematic images of objects and spatial locations of objects. The reliabilities of these factors were similar to those of the original version. Additionally, we showed that the object imagery scale was selectively correlated with object imagery measures, whereas the spatial imagery scale was selectively correlated with spatial imagery tests. These results demonstrate that the J-OSIQ is useful for measuring preferences for object and spatial imagery in Japanese.
Introduction
Cognitive neuroscience and behavior research demonstrates that visual imagery processing comprises two processes: object and spatial imagery processing (Farah, Hammond, Levine, & Calvanio, 1998; Kosslyn, 1994 ; Levine, Warach, & Farah, 1985; Ungerleider & Mishkin, 1982) . These processes can be distinguished both anatomically and functionally. Object imagery processing refers to processing objects or scenes in terms of color, shape, size, and brightness, whereas spatial imagery processing refers to processing object location, movement, spatial relations, and transformations.
The double-dissociation of these types of imagery processing has also been found in individual differences in imagery processing. Recently, Kozhevnikov, Kosslyn, and Shephard (2005) proposed a new cognitive style (objectspatial imagery style) for visual imagery preferences. Object imagers tend to create colorful, pictorial, high-resolution images of individual objects or scenes; they perform very well on object measures (e.g., the Degraded Pictures Test [DPT] ). Spatial imagers tend to use imagery to represent locations of objects, spatial relations among objects, and movements of objects; they have an advantage in performance of spatial imagery tests (e.g., the Mental Rotation Test [MRT] ). These imagery types were associated with preferences for professionals, interpretations of the kinematics graph, and appreciations of abstract art ( Furthermore, based on these imagery types, Blajenkova et al. (2006) recently developed the Object-Spatial Imagery Questionnaire (OSIQ) to measure object and spatial imagery preferences for individuals. The OSIQ consisted of two subscales: an object imagery scale, which measures preferences for representing colorful and pictorial imagers of individual objects or scenes, and a spatial imagery scale, which measures preferences for representing schematic images of objects, spatial relations between objects, and transformations of objects. The OSIQ was confirmed to have good reliability ( ¼ :83 for the object imagery scale and ¼ :79 for the spatial scale) by Blajenkova et al. (2006) . In assessing the validity of the questionnaire, they also showed that the OSIQ object imagery scale was significantly correlated with performance on objective tests of object imagery (e.g., the DPT, r ¼ :19) or on the Vividness of Visual Imagery Questionnaire (VVIQ, r ¼ :48) but not with performance on spatial imagery tests. In contrast, the OSIQ spatial imagery scale was significantly correlated with performance on spatial imagery tests (e.g., the MRT, r ¼ :26; the Paper Folding Test [PFT], r ¼ :22) but not with performance on object imagery tests or on the VVIQ. Additionally, Motes, Malach, and Kozhevnikov (2008) revealed that there were differences in brain activity between object imagers with high scores on the OSIQ object imagery scale and spatial imagers with high scores on the OSIQ spatial imagery scale when they performed an object imagery task (e.g., discriminating the forms of two objects). Furthermore, Blajenkova et al. (2006) found that the score on the OSIQ object imagery scale specifically related to a person's aptitude toward specialized areas such as visual art and design, whereas the score on the OSIQ spatial imagery scale specifically related to a person's aptitude toward specialized areas such as physics, mathematics, and other natural sciences.
In Japan, Kawahara and Matsuoka (2011) recently developed the Visual Imagery Style Questionnaire (VISQ) as a self-report questionnaire measuring imagery preferences. However, the VISQ was designed to assess habitual use of visual imagery in everyday lives. Hence, the items were newly collected from previous self-report questionnaires such as the Individual Difference Questionnaire (IDQ; Paivio, 1971 ) and the Every Memory Questionnaire (EMQ; Sunderland, Harris, & Baddeley, 1983 , 1984 . Some items in the VISQ are different from those in the OSIQ. In particular, the VISQ does not contain items related to preferences for professionals (e.g., visual artists, architects, or engineers) as the OSIQ does. Additionally, the OSIQ has been translated into other languages such as Italian (e.g., Vannucci, Cioli, Chiorri, Grazi, & . Therefore, it seems that a Japanese version is necessary for cross-cultural comparisons of OSIQ data.
The primary goal of the present study is to create a Japanese version of the OSIQ (J-OSIQ) to facilitate assessing visual imagery preferences in Japanese. The secondary goal is to examine the factor structure, reliability, and validity of the translated questionnaire.
As for the imagery questionnaire, Guadagnoli and Velicer (1988) and McKelvie (1994) proposed guidelines for assessing its factor loading, reliability, and validity. In fact, Blajenkova et al. (2006) used these guidelines for assessing the reliability and validity of the OSIQ. Thus, we also compare our data with these recommended criteria in the present study. Additionally, to assess the criterion validity of the questionnaire, we conducted correlation analysis between the subscales in the J-OSIQ and other imagery tests.
Method 2.1 Development of the J-OSIQ and examination of the factor structure and reliability
Participants. For the examination of the factor structure and the internal consistency reliability, the participants were 497 undergraduate students (287 male, 210 female) from three universities in the Tohoku area. Their ages ranged from 18 to 24 years (M ¼ 18:8, SD ¼ 1:00). Additionally, for the assessment of the test-retest reliability, the participants were 195 undergraduate students (85 male, 110 female) from two universities in the Tohoku area. Their ages ranged from 18 to 22 years (M ¼ 18:9, SD ¼ 1:09).
Questionnaire. The OSIQ consisted of 30 items that measure preferences for object and spatial imagery. The questionnaire also used a five-point scale (1 = totally disagree to 5 = totally agree). We translated the 30 items and rate scales of the original OSIQ into Japanese after obtaining translation permission from the original authors and the current copyright holder (MM Virtual Design LLC) of the questionnaire.
Procedure. To examine the factor structure and internal consistency reliability of the J-OSIQ, the questionnaire was administered to the participants. After being informed about the purpose of the research and assured of their privacy by the researcher, the participants were asked to read each questionnaire item in the J-OSIQ and to respond by choosing one of the points on the scale. No time limit was required for the completion of the questionnaire.
Additionally, to assess the test-retest reliability, the questionnaire was administered to the participants on two different days. The second day followed the first day by three weeks.
Examination of the criterion validity
Participants. For the examination of the criterion validity, the participants were 265 undergraduate students (166 male, 99 female) from two universities in the Tohoku area. Their ages ranged from 18 to 23 years (M ¼ 18:64, SD ¼ :85).
Measures. Four imagery measures consisted of two spatial imagery tests and two object imagery measures. The spatial imagery tests were the PFT (Ekstrom, French, & Harsman, 1976 ) and the MRT (Vandenberg & Kuse, 1978) . The object imagery measures were the VVIQ (Marks, 1973 ) and the DPT (Kozhevnikov et al., 2005) .
Paper Folding Test. The PFT was designed by Ekstrom et al. (1976) to measure spatial visualization ability. The paper-and-pencil version of the PFT (Ekstrom et al., 1976) consisted of two parts with 10 items in each part (20 items total). Each test item contained some figures showing a folded square piece of paper, and the last of these figures showed a folded piece of paper with a hole punched through it. The participants were asked to indicate which of five figures represented what the folded paper with the hole would look like if it were fully opened. They had two minutes to complete each part. If they finished Part One within the time limit, they did not proceed to Part Two until asked to do so. PFT scores were calculated as the number of correct answers.
Mental Rotation Test. The MRT was designed to measure mental rotation transformation ability by Shepard and Metzler (1971) . The paper-and-pencil version of the MRT (Vandenberg & Kuse, 1978) consisted of two parts with 10 items in each part (20 items total). Each test item was composed of a criterion figure and four comparison figures that depicted three-dimensional geometric figures as two-dimensional line drawings. Four comparison figures contained two correct figures that rotated the criterion figure and two distracter figures that contained rotated mirror images of the criterion figure. The participants were asked to select two correct figures from the four comparison figures. They had two minutes to complete each part. If they finished Part One within the time limit, they did not proceed to Part Two until asked to do so. The scoring for the MRT referred to Vandenberg and Kuse (1978) . Specifically, if both answers were correct, a score of two points was given. If both answers were incorrect, or if one answer was correct but the other one incorrect, no points were given. However, if only one answer was chosen and it was correct, one point was given. Finally, MRT scores were calculated as the sum of the points.
Vividness of Visual Imagery Questionnaire. The VVIQ was designed to measure ability for generating vivid visual images by Marks (1973) . This questionnaire consisted of 16 items referring to four different scenes. The participants were asked to imagine each scene and to rate the vividness of each item using a five-point scale (5 = no image at all to 1 = perfectly clear and vivid). VVIQ scores were calculated as the sum of each item's ratings. A low score on the VVIQ means more vivid imagery than a high score does.
Degraded Pictures Test. The DPT was designed to measure object recognition ability by Kozhevnikov et al. (2005) . In the present study, although we adapted a method of the paper-and-pencil version by Kozhevnikov et al. (2005) , the degraded pictures in the task used new line-drawings from Snodgrass and Vanderwart (1980) . The paper-and-pencil version of the DPT consisted of 20 items. Each item contained a degraded line-drawing of a popular object (e.g., butterfly, banana, knife, etc.) and the random noise of black dots. The participants were asked to identify a hidden object within the random noise. They had four minutes to complete the test. DPT scores were calculated as the number of correct answers.
Procedure. Four imagery measures were administered to the participants with the J-OSIQ. After being informed about the purpose of the research and assured of their privacy by the researcher, the participants were asked to complete five imagery measures in a fixed order of the OSIQ, MRT, VVIQ, PFT, and DPT.
Results
All analyses were performed using SPSS for Windows, Version 10.
Factor structure and reliability of the J-OSIQ
Before analyses of the factor structure and internal consistency reliability, we excluded 15 participants from the analyses because they did not completely answer the questionnaire items. Additionally, we recoded a score of reverse items (e.g., totally disagree = 5, totally agree = 1).
First, although we assessed for floor or ceiling effects of all 30 items in the J-OSIQ, no item had these effect on the J-OSIQ.
Second, according to factor analysis in Blajenkova et al. (2006) , we also conducted principal components analysis on all 30 items of the questionnaire for the determination of the factor structure in the J-OSIQ. As a result, the analysis revealed seven components with eigenvalues above 1 (5.82, 4.85, 2.15, 1.45. . .). However, the eigenvalues of the first and second components were markedly higher than those of the other components, and these two components explained 34.69% of the variance. Guadagnoli and Velicer (1988) recommended that four or more items load above AE:60 on a factor. The first two components in the J-OSIQ complied with Guadagnoli and Velicer's (1988) recommended criterion for factors. On the other hand, although the other five components explained 23.56% of the variance, they did not meet Guadagnoli and Velicer's (1988) recommended criterion. Accordingly, we limited the factor structure of the J-OSIQ to the two compliant components and conducted a second principal components analysis with varimax rotation. As a result, all of the 15 items included the object imagery factor of the original version loaded positively on the first component. Therefore, the first component was named the ''object imagery scale'' in reference to the subscale name from the original version. In contrast, all of the 15 items included the spatial imagery factor of the original version loaded positively on the second component. Therefore, the second component was named the ''spatial imagery scale'' in reference to the subscale name from the original version. All of the items in the first and second components loaded above .35 on each component. The result of principal components analysis for the J-OSIQ is shown in Table 1 .
Second, we computed Cronbach's alphas to assess the internal consistency reliability of the J-OSIQ. The internal consistency analysis showed a Cronbach's alpha of .83 for the object imagery scale and .82 for the spatial imagery scale. Although both alphas were below McKelvie's (1994) recommended minimum coefficient ( 5 :85), these alphas were above those of the subscales in the original version and other recommendation coefficients (:60 5 5 :85) reviewed by McKelvie (1994) .
Additionally, we computed the correlations between two test sessions to assess the test-retest reliability of the J-OSIQ. As a result, the correlation coefficient for the object imagery scale was .76 (p < :001), and for the spatial imagery scale it was .77 (p < 001). These correlation coefficients were below those of the subscales in the original version, but they were above McKelvie's recommended minimum coefficient (r = :75) for delayed test-retest reliability.
The criterion validity of the J-OSIQ
The scores of two subscales in the J-OSIQ were calculated by averaging the rating of items loading on each subscale. Means and standard deviations on the J-OSIQ object imagery scale, the J-OSIQ spatial imagery scale, the MRT, the PFT, the VVIQ, and the DPT are shown in Table 2 .
To assess the criterion validity of the J-OSIQ, we conducted a correlation analysis of the J-OSIQ object imagery scale, J-OSIQ spatial imagery scale, MRT, PFT, VVIQ, and DPT (Table 3 ). The J-OSIQ object imagery scale was found to be significantly correlated with the DPT (r ¼ :21, p < :05) and negatively correlated with the VVIQ (r ¼ À:41, p < :001) of object imagery measures. These correlation coefficients, respectively, were within the slightly (:15 5 r 5 :24) and high (r = :40) ranges for convergent validity coefficients recommended by McKelvie. However, the J-OSIQ object imagery scale was not significantly correlated with the PFT and the MRT of spatial imagery tests. In contrast, the J-OSIQ spatial imagery scale was significantly correlated with the PFT (r ¼ :355, p < :01) and the MRT (r ¼ :405, p < :001). These correlation coefficients, respectively, were within the moderately (:25 5 r 5 :39) and high ranges for convergent validity coefficients recommended by McKelvie. However, the J-OSIQ spatial imagery scale was not significantly correlated with the DPT and the VVIQ of the object imagery measures.
Discussion
The purpose of the present study was to translate the OSIQ, which measures preferences for object and spatial imagery, into Japanese. Additionally, we also examined the factor structure, reliability, and validity of the questionnaire. First, we conducted principal components analysis for the examination of the factor structure. As a result, the analysis provided two components that corresponded to two factors in the original version. The eigenvalue ratio of .
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the two components in the J-OSIQ was slightly lower. However, the eigenvalue ratio of J-OSIQ was higher than that of the original version (26.98%). Second, we computed Cronbach's alphas to assess the internal consistency reliability of the J-OSIQ. Both alphas of the two components in the J-OSIQ were quite similar to those of the two factors in the original version. Additionally, to evaluate the test-retest reliability of the J-OSIQ, we analyzed the correlation between test-retest. Our result for the correlation coefficient in the J-OSIQ was lower than that of the original version. However, the result seems to be due to our interval condition that was longer than that of the original version by a week. Finally, to confirm the criterion validity of the J-OSIQ, we also examined the correlations between two subscales in the J-OSIQ and four visual imagery measures. The J-OSIQ object imagery scale was selectively correlated with the VVIQ and the DPT. In contrast, the J-OSIQ spatial imagery scale was selectively correlated with the PFT and the MRT. These results show that the J-OSIQ object imagery scale is closely related to object measures, whereas the J-OSIQ spatial imagery scale is closely related to spatial tasks.
Overall, the factor structures, reliability, and validity of the J-OSIQ are closely consistent with those of the original version by Blajenkova et al. (2006) . These results lead us to the conclusion that the J-OSIQ could be used as a tool for measuring two distinct imagery types (object imagery versus spatial imagery) in Japanese. Hence, the J-OSIQ would be useful for research on individual differences in mental imagery in Japan. Additionally, an individual's score on the object imagery scale of the original version predicted aptitude for professions in areas such as visual art or design, whereas an individual's score on the spatial scale of the original version predicted aptitude for professions in areas such as science or engineering (Blajenkova et al., 2006) . Therefore, although we strongly believe that the J-OSIQ would also be helpful for vocational guidance and for education of Japanese students, further research on the relationships between the J-OSIQ and Japanese professionals would be required. 
